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Abstract 
This study is the first of its kind to 
observe reactivity style, an individual's 
consistent response to stress, in a non-
mammalian vertebrate species. The 
responses to social and acute nonsocial 
stressors were investigated using Anolis 
carolinensis, a small arboreal lizard 
native to the Southeastern United States. 
Patterns of stress responses across 
various contexts were identified. The 
social stressor involved introducing one 
lizard to another, while the nonsocial 
stressors consisted of a Novelty and 
Restraint test. The lizards' behaviors, 
perch site selections, and skin color 
changes were recorded throughout each 
test. The results demonstrate that the 
perch height was the most reliable 
indicator of the lizards' reaction to stress. 
Although all of the data did not explicitly 
support our hypothesis, several trends 
were evident, and thus the comparison of 
these behaviors during the test and post-
test phase deserves further investigation. 
The results from this experiment provide 
an impetus for future studies, such as 
examining the adaptability of lizards to 
chronic nonsocial and social stressors, as 
well as observing the response of the 
immune system and hormone levels to 
chronic stress and identifying variations 
in the limbic system. In addition, this 
experiment has established a methodology 
for examining reactions to nonsocial 
stressors. 
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Introduction 
Reactivity style, an individual's 
consistent response to stress, forms the basis 
for personality traits such as introversion 
and extraversion (Kagan, Reznick, and 
Snidman, 1988). To understand the 
biological structures and pathways 
regulating these individual differences in 
human b~ings, reactivity style has been 
studied in non-human animals such as 
monkeys and cats. Although an individual's 
response to stress may be influenced by 
environmental factors, several studies 
provide evidence to suggest that there may 
be a genetic predisposition that determines 
the patterns of how individuals interact with 
their environment and cope with stressors. 
Investigation of Reactivity Style in Humans 
According to Kagan, Reznick, and 
Snidman (1987) the inhibited and 
uninhibited personality types found in 
humans are inheritable and the result of 
biological influences. These categories 
identified in infants seem to predict 
extraversion and introversion into 
adulthood. Personality is further influenced 
by environmental factors, which shape the 
expression of an individual's inhibited or 
uninhibited tendencies. In longitudinal 
studies, individuals classified as inhibited or 
uninhibited, until 31 months of age, retained 
their original personality type five years 
later. Since behaviors correlated with each 
personality type were consistently exhibited 
and main personality characteristics 
remained consistent through adulthood, it is 
believed that an individual's temperament is 
the result of biological factors (Robinson et 
aI., 1992). 
Kagan's research also demonstrated 
the difference in physiology of inhibited and 
uninhibited children. Variables such as heart 
rate, stress hormone levels, and muscle 
tension were measured for each group of 
children and used as an indicator of 
sympathetic nervous system activation. 
These variables change as a result of 
sympathetic nervous system activity and 
hypothalamic-pituitary-adrenal axis (HPA-
axis) actiyation, so increased rates and levels 
indicate increased activity. The HPA-axis 
describes the activation pathway from the 
hypothalamus to the pituitary gland, which 
stimulates the adrenal gland to release 
cortisol. Results show that inhibited children 
have higher cortisol and norepinephrine 
levels, faster resting heart rate, increased 
pupil dilation and muscle tension compared 
to uninhibited individuals; therefore, the 
inhibited children have increased 
physiological arousal compared to 
uninhibited children. From infancy to 
adulthood, the inhibited group consistently 
reported higher indicator levels than the 
uninhibited group. This may be due to a 
difference in thresholds required to activate 
the nervous system. Since the inhibited 
group reported higher levels of nervous 
system activity, they have a lower threshold 
for activation. (Kagan et aI., 1987 & 1998). 
In a study by Davidson and Kalin 
(1987), infant rhesus monkeys were 
categorized as inhibited or uninhibited and 
cortisol, a stress hormone, was measured for 
several months. After one year the infant 
monkeys were reevaluated and it was noted 
that both their behaviors and hormone levels 
were similar to their mothers. This suggests 
that genetics may predispose an individual 
to certain personality traits, specifically how 
one responds to stressful situations, though 
the influence of parenting style cannot be 
eliminated. 
Investigation of Reactivity Style in other 
Mammals 
Since there are minimal variations in 
brain structure, behavioral differences 
depend on how external stimuli are 
processed to generate various levels of 
neural activation. For example, Davidson 
and Kalin used electroencephalograms to 
measure the brain activity of inhibited and 
uninhibited rhesus monkeys and found that 
prefrontal cortical activity (an area involved 
in behavioral inhibition) was increased in 
inhibited subjects. It was also found that 
levels of cortisol, a stress hormone that 
increases metabolic activity, was higher in 
the inhibited group. This indicates that the 
activity of the HPA-axis was elevated in the 
inhibited group compared to the uninhibited 
group (Kalin et aI., 1998). Davidson and 
Sutton (1997) have suggested that the 
inhibited individuals increased nervous 
system activity was due to a lower HPA-axis 
activation threshold. These results, 
combined with Kagan's studies in humans, 
show that individual differences in 
temperament correspond with differences in 
the functioning of the central and peripheral 
nervous system. 
The major brain region involved in the 
regulation of emotions is the limbic system. 
It is an evolutionarily conserved set of 
structures (similar across reptilian, avian, 
and mammalian species) composed of the 
cingulate cortex, hippocampus, and 
amygdala. These structures provide the 
primary input to the hypothalamus, a 
regulator of hormone secretions and 
motivations. Differences in the limbic 
system can account for differences in 
behavioral and emotional reactivity 
(Robinson et at, 1992; Kalin et aI, 1998). To 
understand the biological mechanisms of 
reactivity style in humans, the role of the 
limbic system needs further investigation. 
Since this structure cannot be studied 
directly in humans due to the complexity of 
the human brain and ethical concerns that 
arise when using human subjects, a non-
human animal model must be used. 
Investigation of Reactivity Style in a 
Reptilian Model 
Although reactivity style has been 
examined in humans and non-human 
primates, it has not yet been studied in 
reptiles. The lizard's brain mainly consists of 
the limbic system and a paleocortex (ancient 
cortex). In addition, lizards receive and 
exhibit essentially no parental care, so the 
behaviors displayed are mostly the products 
of biological mechanisms rather than 
environmental influences. For these reasons 
a reptilian species is a useful animal model 
to study the precursors to temperament. 
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Anolis carolinensis is a small arboreal 
lizard.native to southeastern United States 
(Fig. 1 ). The males defend territories of 
approximately 1 m2 by using display 
behaviors, such as postural and color 
changes, and aggressive behaviors to repel 
male intruders. The behavior and color 
changes of these lizards in controlled 
laboratory settings are consistent with 
behaviors found in the field and provide 
evidence of underlying physiological 
activity and social status 
(Greenberg et aI, 1984) 
Figure 1. Anolis carolinensis 
Greenberg and Crews 
(1990) have shown that male 
anoles form dominance 
hierarchies when placed 
together in a confined setting. 
Dominant and submissive roles 
are quickly defined through 
non-contact dominance displays 
and contact fighting. The 
winner of the fight holds the 
dominant social role while the 
loser is considered to be 
subordinate. The dominant 
lizards typically tum bright 
green, often exhibit a post-
orbital darkening (eyespot), 
occupy a high perch position, and perform 
headbob and dewlap display. In contrast, the 
submissive lizards immediately tum dark 
brown after a confrontation, exhibit a head-
down posture, and retreat to the ground 
(Greenberg and Crews, 1990). Behavioral 
and color changes have been correlated to 
physiological changes (Summers and 
Greenberg, 1994). Dominant lizards have an 
intense and brief release period of stress 
hormones, such as epinephrine and 
corticosterone, which may be associated 
with winning a conflict by providing the 
appropriate activation during a social 
conflict. In contrast, the submissive lizards 
have a delayed activation of stress hormone 
(Figure 2). In this species, dominance is 
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closely correlated with specific and 
predictable patterns of physiological 
activity, so skin color and behavioral 
changes can be used to determine underlying 
physiological states. In contrast, the 
submissive lizards have a delayed activation 
of stress hormones reactivity, so skin color 
and behavioral changes can be used to 
determine underlying physiological states. 
By using skin color as an external marker it 
is possiole to identify the lizard's internal 
physiological state, such as the endocrine 
system's activity level and the presence of 
particular hormones. This can be used as an 
indicator of the activity level of the 
endocrine system, as well as the presence of 
particular hormones. Another physical 
indicator of the lizard's hormonal state is the 
formation of the post-orbital eyespot. This 
oval patch of skin contains receptors that are 
sensitive to epinephrine, so the darkening of 
this area can act as a measure of adrenal 
activation. Invasive blood collection 
techniques were avoided by using physical 
indicators to measure internal states. 
Figure 2. Schematic of Release Period of Stress 
Hormones (Greenberg, 1990). 
Domllu:mt lizard· Submissive lizard-
Level of stress "n">lnll". 
Time 
Previous research by Greenberg (1977) 
examined the response to social stressors. 
The current research investigates responses 
to the usual acute social stressor as well as 
acute nonsocial stressors in order to identify 
if consistent patterns of stress responses 
exist across different social and nonsocial 
contexts. The anole represents an excellent 
species for the study of reactivity style 
because it is easy to maintain in a lab 
setting, its skin color reveals the activity of 
the endocrine system, and it exhibits clear 
stereotyped display behaviors. This 
experiment will make a significant 
contribution to the study of reactivity styles 
by being the first of its kind to use a non-
mammalian species. A reptilian species will 
allow us to identify the variations in the 
limbic system, which account for differences 
in behavior. 
MethodslMaterials 
Animals and animal housing 
Adult male lizards (Anolis carolinensis) 
were collected from various locations in 
Jacksonville, Florida. The lizards were 
housed individually in one half of a glass 
vivarium, which was separated by a divider. 
The dimensions for each lizard's space were 
approximately 25 cm (1) x 25 cm (w) x 25 
cm (h). Each vivarium contained moss and a 
wooden perch placed diagonally. The 
environment simulated conditions 
characteristic of the lizard's mating season 
from May to October. A broad spectrum 
fluorescent UV light provided 10 hours of 
darkness and 14 hours of light and allowed 
lizards to regulate their body temperature by 
providing a thermal gradient in the 
vivarium. The long length of days and warm 
weather was used to promote social 
interaction and stimulate androgen 
production (Pearson, Tsui, and Licht, 1976). 
The time intervals were controlled with a 
timer that turned the lights on and off and 
maintained the temperature at a range of 22 
to 33°C. Humidity levels were varied from 
70% during the day to 90% at night by 
spraying the environment with water each 
day at a fixed time. Each vivarium contained 
a temperature (T) and relative humidity 
(RH) monitor. Lizards were fed crickets, 
one-half inch in size, ad libitum. Daily 
records ofT, RH, and records of health 
status were maintained. Upon completion of 
the study, the lizards were released into their 
original environment. 
Procedure 
General procedures: 
The lizards were individually measured 
from snout to vent and divided into two 
groups; those with similar body size were 
placed in the same group. Group A consisted 
oflizards ranging in size from 4.3 cm to 5.1 
cm and lizards in Group B ranged from 5.2 
cm to 6.0 cm. Each lizard was allowed to 
habituate to their environment for at least 
one month; they were not introduced to 
other lizards or handled during this time 
period. The lizard's skin color, perch site 
selections, and behaviors were recorded at 
the same time each day in order to control 
for circadian changes (Appendices A- C). 
The vivaria were divided into three levels to 
identify and monitor the lizards' location 
within the environment. 
Pre-Test: 
The data constituted the individual 
lizard's baseline, or homeostatic 
physiological state, when not under stress 
beginning after the habituation period. This 
phase takes place five minutes before the 
testing phase occurs. 
Testing Phase: 
The lizards in Group A and B received 
stressors over 9 consecutive days; every 
lizard from each group had one day "off' 
when testing or handling did not occur 
(Appendix D). The types of stressors 
administered alternated between social and 
nonsocial. The stressors were given at the 
same time each day during the peak of the 
lizards' circadian rhythm. The behavior and 
skin color changes were recorded before, 
during, and after testing. Although all of the 
lizards received nonsocial stressors on the 
same day, the types of nonsocial stressors 
that were administered varied. This 
eliminated the influence one stressor may 
have had on the reactivity to another, in 
addition to the order of stressor presentation. 
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Social stressor 
Two lizards from the same group were 
introduced into a new environment for 20 
minutes. The lizards' interaction and 
responses were tape recorded and encoded 
as they occurred. Winners were 
characterized by exhibiting challenge 
displays, not retreating from other subjects, 
or by behaving in a manner that induced 
subordination in the other lizards 
(Greenberg, Chen and Crews, 1984). Losers 
were identified by subordinate behavior, 
such as retreating or displaying the head 
down posture. 
Nonsocial stressor: 
The lizards received various nonsocial 
stressors, including: (1) air-puff startle 
(Eisler et aI., in prep), (2) introduction into a 
novel environment, (3) simulated predator, 
and (4) capture and restraint. The air-puff 
startle was administered by spraying the 
lizard with compressed air three times, 
across three 10 second intervals. The novel 
environment involved removing the lizard 
by hand and placing him on the floor of a 
new vivarium; the lizard remained in the 
new tank for 15 minutes. The new 
environment contained a perch that was 
placed diagonally and a temperature and 
humidity gauge to maintain an appropriate 
environment. Birds are natural predators of 
lizards, so the stress of being in the presence 
of a mechanical bird was observed. The 
bird's head was directed toward the lizard in 
3 rapid snapping movements over three 10 
second intervals. The capture and restraint 
required that the lizard be captured with the 
experimenter's hand and held for 3 minutes. 
The lizard was held upright for the first 
minute, turned upside down for the second 
minute, and held in the upright position for 
the third minute. The lizard was then 
returned to its vivarium. Each type of 
stressor was administered on successive 
days and behavior and changes in skin color 
were recorded and coded. 
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Post- Test: 
After the stressors were administered, 
the lizards were returned to their original 
vivarium, and changes in behavior and skin 
color were recorded. This phase lasted 5 
minutes following the social and nonsocial 
stressors, except for the novelty stressor 
which was followed by a 15 minute post-test 
phase (Figure 3). 
Figure 3. Project Design. 
Habituate 
Group oupB 
Administer Stressors 
Day 1: Pre-Test 7 Social Test 7 Post-Test 
Day 2: Pre-Test 7 Nonsocial Test (Airpuff, 
Restraint, Novelty, or Predator) 7 Post-Test 
Day 3-Day 9: Alternate Social & Nonsocial 
Tests 
Data Analysis of Results: 
Data Collection: 
Data were collected from the 
videotapes, coded for frequency, duration of 
behaviors, and color status, and entered into 
a computer database (Microsoft Access '97). 
The significance of the results and the 
correlation between variables was 
determined through statistical analysis. 
Statistical Analysis: 
Statistical analyses were computed 
using Statistical Package for the Social 
Sciences (SPSS v. 8.0). Pearson's 
correlations were used to reveal the 
correlation between the responses to social 
and nonsocial stressors. Tests revealingp-
value <·.05 were considered statistically 
significant. 
Results 
Test Phase: 
Height 
The correlation in maximum perch 
height attained between the Novelty and 
Social tests was not found to be significant. 
For each test, the p-values were greater than 
0.1 and r-values were less than 0.715. 
Exploratory Behavior: 
There was not a significant correlation 
in exploratory behavior between the Novelty 
and Social tests. The p-values for each test 
were greater than 0.1 and r-values were less 
than 0.45. 
Dominance Displays & Agonistic Behavior: 
The correlation in aggressive and 
submissive behaviors between Novelty and 
Social tests was not found to be significant. 
For each test,p-values were greater than 
0.508 and r-values were less than 0.26. 
Social Tests: 
During the test phase of the three social 
tests, total submissive behaviors, aggressive 
behaviors, exploratory behaviors, and 
maximum perch height were not 
significantly correlated across tests (Tables 
1,2,3, & 4). 
Table 1. Correlation of submissive behaviors across 
social tests during test phase. 
Sociall Social 2 Social 3 
Sociall X 0.64, -0.22, 
p = 0.06* p = 0.57 
Social 2 X X -0.22, 
p = 0.46 
Social 3 X X X 
Table 2. Correlation of aggressive behaviors across 
social tests durin!!: test phase. 
Sociall Social 2 Social 3 
Sociall X 0.24, 0.41, 
p = 0.54 p = 0.28 
Social 2 X X -0.52, 
p = 0.15 
Social 3 X X X 
Table 3. Correlation of exploratory behaviors across 
social tests durin!!: test phase. 
Sociall Social 2 Social 3 
Sociall X 0.61, 0.37, 
p = 0.08* p = 0.33 
Social 2 X X 0.44, 
p = 0.24 
Social 3 X X X 
Table 4. Correlation of maximum perch height in 
social tests durin test phase. 
Sociall Social 2 Social 3 
Sociall X -0.18, -0.164, 
p = 0.64* p = 0.67* 
Social 2 X X 0.53, 
p = 0.14 
Social 3 X X X 
*Trend 
Post-test phase: 
Height 
There was a significant positive 
correlation in the maximum perch height 
attained between the Novelty and Restraint 
post-test phases (r = 0.90,p <0.001). The 
maximum perch height reached during the 
Novelty and social post-test phases was 
significant for each social test; all had a p< 
0.05, except during the social 1 post-test (r = 
0.06). The correlation between the 
maximum perch height reached during the 
Restraint and Social post-test was significant 
and positive for each social test; all had a p 
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< 0.05, except during the social I post-test (r 
= 0.07). 
Exploratory Behavior 
In contrast, the correlation in 
exploratory behavior between the Novelty 
and Restraint post-tests, Novelty and Social 
post-tests, and Restraint and Social post-
tests were not significant (p > 0.1 0 for each 
test). 
Discussion 
The strongest and most significant 
correlation was found between each of the 
stressors (social, restraint, novelty) for the 
maximum perch height attained during the 
post-test phase. Each lizard repeatedly 
returned to a similar perch position, 
regardless of the type of stressor that was 
administered. Although data for these 
correlations during the test phases were not 
statistically significant, they indicated a 
similar trend to the post-test phase. This 
demonstrates that perch height is the most 
reliable indicator of thy lizards' reaction to 
stress, since the responses did not vary with 
the types of stressors administered. 
The results indicate another trend 
between the number of exploratory and 
submissive behaviors exhibited between the 
social I and social 2 tests. The lizards 
responded with a similar number of 
behaviors during both encounters, indicating 
a close correlation between these two trials. 
The comparison of these behaviors during 
the test and post-test phase deserves further 
investigation in future studies. 
Although all of the data did not 
explicitly support our hypothesis, several 
trends were obvious. The lack of significant 
correlations calculated by the statistical 
analysis may be the result of several factors. 
First, the sample size (n=9) used was fairly 
small and may have lacked sufficient power. 
Data correlating perch height, exploratory 
behaviors, and submissive behaviors to each 
social test had significance values slightly 
greater than p=0.05. Second, one series of 
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social tests could not be used in calculations, 
due to the death of a subject. Data collected 
from lizards paired against this subject were 
eliminated, since all subjects could not be 
tested against him, further decreasing the 
number of tests used in analysis. Third, it 
was difficult modulating the T and H in each 
vivaria during the winter season. The 
fluctuations in T and H levels may have 
prevented the lizards' gonadal 
recrudescence. If testosterone levels 
characteristic of the mating season were not 
reached, the number of aggressive behaviors 
and displays observed would be lower than 
expected. 
Behaviors that occurred during the 
Airpuff and Predator nonsocial tests did not 
elicit stress responses, so data was not 
included in the analysis. Instead, the Novelty 
and Restraint challenges represented the 
nonsocial tests. 
Previous research by Greenberg only 
examined the lizards' response to social 
stressors. This study will make a significant 
contribution to the study of temperament by 
being the first in a series to observe 
reactivity style in a non-mammalian 
vertebrate species. In addition, it has 
established a methodology for examining 
reactions to nonsocial stressors. These 
results can be used as the foundation for 
future studies, which include investigating 
the effects of chronic stress on the immune 
system, identifying variations in the limbic 
system, and observing the lizard's 
adaptability to various chronic stressors. As 
a comparative study between species, we 
may be able to examine the biological and 
evolutionary foundations of our own 
behavior. 
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Appendices 
Appendix A: Index of perch site selection during social 
and nonsocial stressors (Greenberg, 1977). 
1 e . d / P h H . ht S I f CCuple erc elgJ e ec lOn 
1. Under substrate 
2. On substrate 
3. Low perch 
4. Medium perch 
5. High perch 
6. Low wall 
7. Medium wall 
8. High wall 
9. Ceiling perch 
Appendix B: Index of skin color changes 
during social and non-social stressors 
(Greenberg, 1983). 
Skin Color Variations 
1. Green 
2. Brown 
3. Medium brown 
4. Dark brown 
5. Blotchy (green and brown) 
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Appendix C: Behaviors observed during social and nonsocial stressors (Greenberg, 1977). 
B h I e aVlOf nventory 
Behavior Description 
1. Eyespot formation Darkening of post orbital region 
2. Eyespot termination Lightening of post orbital region 
3. Sagittal expansion Enlargement of the sagittal profile 
4. Nuchal crest Ridge of tissue on he back of the neck 
5. Dorsal crest Elevated ridge of tissue along the spine from the crest to the base of the tail 
6. Head down posture Head is placed down on the substrate or perch 
7. Head up high Head is at a right angle to the body axis 
8. Neck bend Raised neck with nose tipped down 
9. Lateral orientation Sagittal plane of the lizard faces the stimulus 
10. Face off Two lizards facing opposite directions with their heads at right angles to their bodies 
11. Gape Open iaw, may be tongue gorge 
12. Tail movements Various tail movements, including tail-write and tail-lash 
13. Dewlap Extension of the gular flap 
14. Pushups Rhythmic raising and lowering of the upper body by forelimb extensions 
15. Nod Vertical movement ofthe head 
16. Extended throat Enlarged throat profile 
17. Tongue out Tongue tip appears between closed iaws 
18. Tongue flick Tongue extensions 
19. Tongue touch Tongue touches substrate 
20. Defecate Expulsion of fecal material 
21. Squirrel Lateral movement to the side of the perch, away from stimulus 
22. Approach Movement of the body towards a stimulus 
23. Chase Rapid movement of the body towards a stimulus 
24. Burying under substrate Head buried beneath a substrate 
25. Flee Rapid body movement away from stimulus 
26. Avoid Body movement away from stimulus 
27. Proxing Approach toward stimulus within 5 cm 
28. End proxing End approach toward stimulus within 5 cm 
29. Site change Change in position of body parts or location within the same site level 
30. Escape Rapid body movement away from stimulus accompanied by site change 
Appendix D: Test Schedule 
Test Schedule 
Subject Social Non- Social Non- Social Non- Social Non- Social 
stressor social stressor social stressor social stressor social stressor 
stressor stressor stressor stressor 
1 2 Novelty 4 Airpuff X Predator 6 Restraint 9 
2 1 Airpuff 9 Restraint 4 Novelty X Predator 6 
3 5 Novelty 7 Predator X Airpuff 11 Restraint 8 
4 6 Restraint 1 Airpuff 2 Predator 9 Novelty X 
5 3 Predator X Restraint 8 Airpuff 7 Novelty 11 
6 4 Airpuff X Novelty 9 Restraint 1 Predator 2 
7 8 Predator 3 Restraint 11 Novelty 7 Airpuff X 
8 7 Restraint 11 Predator 5 Novelty X Airpuff 3 
9 X Airpuff 2 Novelty 6 Predator 4 Restraint 1 
10 X Resistant 8 Airpuff 7 Novelty 3 Predator 5 
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